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INTRODUCTION
A general introduction to Norwegian speleology is given in Lauritzen & Østbye (1994) and Lauritzen (2010) , with a short description of caving history, caves and karst, biospeleology and vertebrate remains in caves. Relatively few surveys have been conducted in order to investigate the invertebrate fauna in Norwegian caves and mines, most of which are of short observation time (Hippa et al.1984a (Hippa et al. , b, 1985a (Hippa et al. , b, 1986 (Hippa et al. , 1988a (Østbye et al. 1987 ; Kjaerandsen 1992 Kjaerandsen , 1993 Lien et al. 1996; Lien 1997 ). This paper presents an up to date checklist of known invertebrate taxa and species in the country according to published reports.
Species that occur in the hypogean (under-ground) environment are categorised after the Schiner-Racovitza system (Jefferson 1976 (Jefferson , 1983 ) in three categories:
1. Trogloxenes, defined as species that never spend their whole life cycle in caves. Many species roost there or use the caves seasonally, mostly in winter for hibernation but in some cases for aestivation during the summer, while other only uses the caves as resting places during short periods. Generally they feed outside the cave. This category is further divided in two subcategories, accidental and habitual. 2. Troglofiles, defined as species that can live permanent in caves and establish reproducing populations here, but they also occur in the epigean (above-ground/on the surface) environment. 3. Troglobites, defined as obligate cave-dwellers; these are the animals which often (but not always) show the characteristic cave-modifications as loss of pigment and reduction of eyes.
As spelean ecosystems, the Norwegian caves may be divided, according to their energy flux (Heaton 1986 ; Østbye et al. 1987 ;
Werker & Werker 2006) into two main categories:
1. Open systems; connected directly to the surface, with rivers or brooks entering through discrete openings. 2. Infiltration systems; which are fed by ground water or seepage water from overlying material.
METHODS
The majority of reports come from north-Norwegian caves, which is quite natural as the majority of caves in Norway are situated in this part of the country ( Figure 1 ). The faunal elements found in mines are scarcer; however, they are included here because the knowledge of immigration of animals to artificial cavities provides important information of the ecological history of cave animals. The location (in UTM coordinates), morphology and habitat characteristics of the investigated caves and mines are given in Table 1 . The number of taxa (class and order) and species are summarised in Table 5 . Detailed list of species recorded are presented in Table 2 . The investigations by Kjaerandsen (1992 Kjaerandsen ( , 1993 on Diptera recorded in Norwegian caves and mines are in addition presented in Tables 3 and 4 , grouped on the different types of cavities. 
Fam. Zonitidae: ○ Oxychilus alliarius (Miller)
Fam. Limacidae:
Fam. Clausiliidae:
Class Clitellata, order Oligochaeta. Fam. Lumbricidae: ○ Allolobophora caliginosa (Savigny)
Class Arachnidae, order Araneae Fam. Nestidae:
Fam. Metidae (Tetragnathidae):
Fam. Linyphiidae:
Class Arachnidae, order Acari Table 2 .
The recorded species registered in the different caves and mines. The species are characterised as trogloxenes -○, troglofiles -•, and troglobites -•. (┼ characterization undetermined). The cave/ mine number refers to the number in Table 1 . Column 7 contains all registrations from localities 7 to 31, because no specific locality information excists for the Diptera species from these localities.
Reference number according to the number in the reference list. • Hypodamaeus brevitibialis Bulanova-Zachvatkina -
• Belba sp.
• Chamobates cuspidatus (Michael)
Prostigmata:
• Linopodes motatorius (Linnaeus)
• Thoribdella meridionalis (Thor)
┼ Leptus sp.
Mesostigmata: ┼Mesostigmata spp.
Subphylum Crustacea Cladocera:
○ Bosmina longispina Leydig, 1860
Amphipoda:
• Gammarus lacustris G.O.Sars, 1863
Class Collembola Neanuridae: 
Onychiuridae:
• Oligaphorura schoetti (Lie-Pettersen)
Entomobryidae:
• Lepidocyrtus lignorum (Fabricius)
Neelidae:
○ Neelus minimus (Willem)
Sminthuridae:
○ Arrhopalites sp.
Order Ephemeroptera ○ Ameletus inopiatus Eaton, 1887 
Order Trichoptera
Order Coleoptera Carabidae:
Leiodidae:
Silphidae:
Catopidae:
• Choleva septentrionis Jeannel
• Catops longulus Kellner
Staphylinidae: 
• Olophrum fuscum (Gravenhorst)
• Lesteva monticola Kiesw.
• Psephidonus longipes (Mannh.)
Cryptophagidae:
Curculionidae:
○ Otiorhynchus sp.
Dytiscidae:
○ Hydroporus obscurus
Order Lepidoptera Geometridae:
○ Triphosa dubitata L.
Plusiidae:
Tipulidae:
Trichoceridae: Table 2 .
Continued. Simuliidae:
Ceratopogonidae:
○ Ceratopogonidae sp.
Mycetophilidae: 
• Speolepta leptogaster (Winnertz)
○ Exechiopsis sp.? Continued.
Ref. nr.
Species ○ Exechia sp.
Heleomyzidae:
○ Suillia sp.
Sciaridae:
Itonidae:
○ Itonidae sp.
Chironomidae:
○ Macropelopia sp.
○ Chaetocladius sp.
Culicidae:
○ Aedes sp.
Empididae:
○ Platypalpus cursitans (Fabricius)
Phoridae: Table 2 .
Continued. Species ○ Phoridae sp.
Limoniidae:
○ Elliptera sp.
○ Limoniidae sp.
Bolitophilidae:
Psychodidae:
○ Psychoda sp.
Dixidae:
Lonchopteridae:
Syrphidae:
Sphaeroceridae:
Drosophilidae:
Calliphoridae: Continued. Table 3 . The number of species of order Diptera other than family Mycetophilidae from Southwest (SWN) and Southeast Norway (SEN), after Kjaerandsen (ref. no. 9 & 10) . LM = large mines, i.e. > 20 m, SM = small mines, i.e. < 20 m , CA = cave, BU = bunkers, SF = screes and fissures. Symbols as in Table 2 .
Family: Number of species  25  9  5  6  6  3  5  7 Table 4 . The number of species of the family Mycetophilidae of the order Diptera, from Southwest (SWN) and Southeast Norway (SEN), according to Kjaerandsen (ref.no. 9 & 10) . LM = large mines > 20 m, SM = small mines, < 20 m, CA = caves, BU = bunkers, SF = screes and fissures. Symbols as in Table 2 . 
RESULTS AND DISCUSSION
In total, 244 species were recorded from 14 taxa. Insecta and Collembola together dominates with 85% of recorded species; Diptera alone stand for 42%. In general, the invertebrate fauna of Norwegian caves are poor in species diversity compared to the fauna in caves further south in Europe due to the more severe and harsh climatic regime at high latitudes (Østbye et al. 1987) . Multiple glacial-interglacial cycles during the Pleistocene period would expectedly have implications for the faunal history of our caves, with less suitable conditions prevailing during long periods of glaciations. It is likely that many of the caves may have been completely water-filled (subglacial) during stadials and hence unsuitable for terrestrial animals. In caves of the Open systems types all faunal components belonging to the upstream limnic ecosystems, lakes, ponds, rivers or brooks can be found, brought in with running water. The surface or surface-related forms may survive for a period but rarely reproduce underground, even if they are able to run through some stages of their life cycle in underground environments. Most of the water-drifting forms have to be classified as accidental or habitual trogloxenes Østbye et al. 1987; Dolmen & Arnekleiv 1990; Arnekleiv & Dolmen 1992) , even if some species are supposed to be permanent inhabitants, troglophiles. Little attention, however, has been paid to the fauna of this category of caves, as very few cavernicoles (troglobites) have been found. Only in one open-system cave, in south Norway, a stable population of a cavernicolous crustacean, the troglobite population of Gammarus lacustris is known (Østbye et al. 1987; Lien 1997; Lien, Østbye & Østbye 1996) . This species display several of the typical traits for cave adaption. In addition, the phylogeographic history (based on unpublished investigations of mtDNA) of this caveliving population suggests that it has immigrated to the area from refugia most likely situated in southern Europe, the Alps. This immigration appears to have taken place long before the presumed post-glacial immigration of the surface-living populations of G. lacustris which are found in adjacent lakes in the area. Furthermore their origin of the latter immigration is likely from the east, the Siberian area in Russia.
In caves of the Infiltration systems types, several examples on more complex and stable cave ecosystems are found. Possibly due to the northern location and the glacial history (and the age of the caves) of Norway, no faunal inhabitant in the caves of the Infiltration system type can be classified as a true troglobite. Only a few troglophiles have been found, most of the recorded species must be classified as trogloxenes, accidental or habitual.
All the six recorded species of Gastropoda must be characterised as accidental trogloxenes, as the both recorded species of Clitellata. Three of the eight recorded species of Arachnida, Aranea, could be classified as troglophiles, the other species as trogloxenes, most probably accidental ones, even those marked with ┼. Of the nine recorded species (or taxa) of Arachnida, Acari, five could be characterised as troglophiles, one as trogloxene, while three were uncertain in classification. One of the 13 recorded species of the Crustacea could be classified as a real troglobite, the amphipod Gammarus lacustris with a permanent population in cave no. 2. The specimens in cave no. 48 are drift. All the other species were accidental trogloxenes.
Five of the recorded 25 species of the Collembola could be classified as troglophiles, while all the 20 other species were (probably) accidental trogloxenes. All of the 12 recorded species of the order Ephemeroptera has to be classified as accidental trogloxenes, as all the 21 recorded species of the order Plecoptera, together with the six recorded species of the order Trichoptera. Of the recorded 38 species of the order Coleoptera 14 could be classified as troglophiles, while the others were trogloxenes, most probably accidental, but some may be habitual ones. Of the order Lepidoptera both recorded species are habitual trogloxenes, entering caves for hibernation. Three of the recorded species of the order Diptera could be classified as troglophiles, of which Speolepta leptogaster is the most typical one. All the other species are trogloxenes. Kjaerandsen (1992 Kjaerandsen ( , 1993 has the following classification for the registered species of the order Diptera:
A. Troglophiles of which larvae live in underground environments: Speolepta leptogaster.
B. Habitual trogloxenes:
1. Hibernators.
a. Species where both sexes hibernate underground and mating takes place in the following spring (Mycetophilidae). b. Species where mating takes place prior to hibernation and only females are found underground during winter (Culicidae). 2. Aestivators.
a. Species where both sexes seek cave systems during summer (Limoniidae).
b. Species where mating takes place prior to aestivation and only females are found underground in summer (Bolitophilidae). 3. Species which seek cave systems independent of sex and season (Helomyzidae, Trichoceridae). 4. Opportunists (Chironomidae, Phoridae?) C. Accidental trogloxenes (most other Diptera).
The study Kjaerandsen has conducted (1992 Kjaerandsen has conducted ( , 1993 ) is one of the best carried out on cavedvelling Diptera, and we regard his classification as the best one for the Nordic caves and mines.
